Introduction
During the last 20 years, the advent and the therapeutic success of highly active antiretroviral therapy (HAART) transformed human immunodeficiency virus (HIV) infection into a lifelong condition. [1] [2] [3] [4] Mortality rates among people who live with HIV (PWLHIV), however, remain 3-15 times higher than those recorded in the general population. [5] [6] [7] [8] Furthermore, more than half of the deaths observed in PWLHIV are at present attributable to noninfectious comorbidities (CMs), as PWLHIV are more likely to experience age-related CMs including cardiovascular disease, diabetes mellitus and renal failure, compared to uninfected individuals. 9, 10 Results from several studies have shown that PWLHIV might have a higher prevalence of many noninfectious CMs at an earlier age than age-matched uninfected subjects. 11, 12 This effect may be caused by HIV infection itself, antiretroviral toxicity or coinfections, such as hepatitis C virus (HCV) coinfection. [13] [14] [15] CMs complicate caring infrastructures for HIV-infected patients, because patients with multiple diseases and on complex pharmacological treatments are particularly difficult to manage, both in chronic and in acute phases. 16, 17 The increasing prevalence of CMs may enlarge the clinical, social and financial burden of HIV infection, since CMs may well impact both patients' well-being and the resources used. So, gathering better knowledge of factors that may affect the risk of hospital utilization by PWLHIV in the HAART era may well be an important goal both for clinicians and policy makers in the strive to understand how health care needs are probably changing in this population. [18] [19] [20] However, little is known at present on such a crucial issue. The aim of this study was to quantify the risk of hospitalization and costs associated with CMs in HIV-infected patients in a regional Italian cohort.
Methods

Data source and study population
The team carried out a longitudinal retrospective cohort study using data extracted from the Abruzzo's hospital discharge database from January 1, 2004 to December 31, 2015. All admission data in any Italian hospital related to Abruzzo's residents were collected. The hospital discharge database was linked to the civil registry through a unique encrypted personal identification code to collect demographic information (ie, date of birth, sex and date of death). Because this automated system is anonymous, according to the Italian Data Protection Authority, neither ethical committee approval nor informed consent was required for this study. The Regional health authorities routinely use anonymous data file for epidemiological and administrative purposes. 21, 22 The study population included Abruzzo Region residents, 18 years of age and older, who were admitted in any Italian hospital with an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code for HIV-infection (ICD-9 042, V08, 795.71 or 079.53), in primary or secondary diagnoses, from 2004 to 2013.
Each individual accumulated person-years of follow-up from January 1, 2014 until the date of death or to December 31, 2015.
Covariates
For each patient, the following variables were assessed at baseline (January 1, 2014): age, sex, HCV coinfection presence (ICD-9 070.44, 070.54, 070.70, 070.71 in the primary or secondary diagnoses) and CMs by using Charlson Comorbidity Index (CCI). 23 Age was categorized as <50 and ≥50 years considering that the proportion of HIV patients aged 50 years and older is increasing consequently to the therapeutic success of HAART. 24 Additionally, HIV patients aged 50 years and older had a higher percentage of CMs compared to the younger group (<50 years). 25 CCI includes myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, diabetes as well as other illnesses such as dementia, liver disease, pulmonary disease, rheumatic disease, etc (AIDS/HIV condition is not included among CMs). To evaluate the presence of each CM, we used the diagnostic information recorded in all hospital discharges (ordinary and day hospital admissions) over the 10-year period (from 2004 to 2013). Finally, according to CCI score, patients were classified into three groups: subjects without CMs (CCI=0), those with a CCI=1 and those with a CCI ≥2.
Clinical and economic outcomes
The primary outcome of this study was the number of allcause hospitalizations during the follow-up period (ie, from January 1, 2014 to December 31, 2015) . To evaluate the number of hospitalizations for acute events, we used only ordinary hospital admissions (day hospital admissions were excluded). We also investigated the specific cause of hospitalization using the diagnostic categories identified by the Agency for Healthcare Research and Quality as reference. 26 To determine the cause of hospitalization among PWLHIV, we first identified the primary diagnosis for the hospitalization using the first-listed ICD-9 code that did not refer to HIV (ICD-9 042, V08, 079.53, 795.71) or HCV (ICD-9 070.44, 070.54, 070.70, 070.71). Then, we assigned the primary diagnosis to the following mutually exclusive categories: AIDS-defining illnesses, non-AIDS-defining infections, non-AIDS-defining cancers, cardiovascular, gastrointestinal or liver, pulmonary, endocrine or metabolic, renal or genitourinary, psychiatric, injury or poisoning. 27, 28 The secondary outcome was the estimation of the in patient hospital cost predictors. For this analysis, the third-party payer perspective was adopted and therefore both ordinary and day hospital admissions were evaluated. Costs were calculated as the sum of all the claims related to HIV subjects recorded during the identified biennium (ie, from 
Dovepress
391
Dovepress
impact of comorbidity on hospitalization of hiV-infected patients January 1, 2014 to December 31, 2015) . The hospital costs were calculated using the CMS-DRG version 24 grouping algorithm. 29 Costs were expressed in euro, as average cost per hospitalized patient per year.
statistical analysis
The effect of each CM class and CCI group on the risk of hospitalizations was estimated through the Poisson regression analyses. The models compared the number of hospital admissions in patients with and without each CM class and in patients with CCI=1 and CCI ≥2, relative to those without CMs. The results are shown as unadjusted and adjusted incidence rate ratios (IRRs) with 95% CIs. Age at the start of follow-up (≤50 and >50 years), sex and HCV coinfection were included as potential confounders for adjusted IRRs.
In order to determine hospital costs predictors, we used multivariable generalized linear models with a logarithmic link and gamma distribution. The advantage of this type of model is that it considers the skewed nature of cost data and it produces β-coefficients that are interpreted as the relative increase in mean cost for each increment in the covariate.
Covariates included in the model were age, sex, HCV coinfection and CCI group. All analyses were conducted using STATA software, version 11 (Stata Corp, College Station, TX, USA).
Results
Characteristics of study cohort
Between 2004 and 2013, a total of 1,026 patients who met our study criteria were identified. Of these, 67.8% were males and 45.1% were aged 50 years and older. As shown in Table 1 , 23.1% of HIV patients had HCV coinfection and 29.7% experienced at least one CM (15.9% CCI=1 and 13.8% CCI ≥2). Among patients with a CCI score >0, 28.5% had cardiovascular disease, 22% cancer, 19.7% diabetes, 19.7% liver disease, 18.7% chronic pulmonary disease and 10.5% renal disease (Table 1, Table S1 ).
Outcomes
During the 2-year follow-up, 17.0% of HIV-infected patients underwent hospital admission(s): 12.3% of patients without CMs, 25.2% with CCI score=1 and 31.7% with a CCI score ≥2 (p<0.0001). Among those aged >50 years, these proportions rose to 14.2%, 26.7% and 36.3%, respectively (Figure 1 ).
In total, 341 hospital admissions for acute events occurred during the follow-up period. Of these, 206 (~60%) were HIVrelated hospitalizations. Figure 2 shows the distribution of HIV-related hospitalizations stratified by specific diagnostic categories. AIDS-defining illnesses (26.7%) were the most common diagnoses, followed by non-AIDS-defining infections (15.0%), cardiovascular disease (14.1%) and pulmonary disease (12.1%). Table 2 presents the results of the search for factors associated with all-cause hospitalization. The presence of at least one CM in HIV patients was the strongest predictor of all-cause hospitalization with an adjusted IRR of 2.68 (95% confidence interval [CI]: 1.94-3.70) for patients with CCI score=1 and 2.99 (95% CI: 2.15-3.70) for patients with CCI score ≥2, compared with those without CMs. The risk of hospitalization significantly increased among patients with renal (adjusted IRR 2.27; 95% CI: 1.45-3.56), liver (adjusted IRR 2.21; 95% CI: 1.57-3.13) and chronic pulmonary CMs (adjusted IRR 2.31; 95% CI: 1.63-3.32). In addition, the risk of hospitalization increased in subjects with HCV coinfection (adjusted IRR=1.98: 95% CI: 1.59-2.47) compared with HIV-monoinfected patients. Finally, age >50 years was an independent risk factor associated with hospitalization (adjusted IRR=1.42: 95% CI: 1.13-1.79). The analysis of factors associated with HIV-related hospitalization produced similar results (Table S2) . 
Predictors of hospital costs
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Discussion
HIV-infected patients may have a near-normal life expectancy in the modern HAART era. 3, 4 For these patients, in 2010, the Italian Government and associated Health Care Agencies stated that inpatient hospitalization may be at high risk of not being appropriate. 30 Nonetheless, nationwide, Italy has high rates of late presentation and many patients still suffer from AIDS-related clinical complications at presentation or in the following months until immune recovery. 31 , 32 Guaraldi et al showed that late presentation for HIV diagnosis is associated with higher prevalence of non-infectious CMs and multimorbidity when compared to uninfected HIV people and it is also associated with higher total care costs. 33 Seng et al emphasize late presentation as an important predictor of hospitalizations especially for HIV-related events in the French context. 34 Moreover, it is well known that aging with HIV is a complex clinical problem, as CMs in HIV infection increase with age. 16, 17, 35, 36 In fact, HIV patients have documented accelerated aging at the vascular level; they often present with increased levels of blood atherogenic lipids due to antiretrovirals and frequently suffer from renal and bone toxicities due to both HIV and HAART drugs. [9] [10] [11] [12] [37] [38] [39] [40] Chronic pulmonary diseases have been lately documented as frequent CMs in people aging with HIV, and end-stage liver disease, often associated with HCV coinfection, is definitely more recurrent and severe among these patients. [41] [42] [43] [44] Finally, HIV unrelated neoplasms have been reported with increased frequency in recent years. 5, 45 With regard to this background, we wondered to what extent acute hospitalizations occur for patients with chronic HIV infection in the Abruzzo Region, which are the main causes of hospital admission, and what is the burden of CMs in our HIV population.
Although hospital admissions of HIV-infected patients are deemed potentially inappropriate by Regulatory Agencies, our findings show that 17% of HIV-infected patients are hospitalized during the 2 years of follow-up and the main cause of hospital admissions is for an AIDS-defining illness. Acknowledging the paucity of information about this issue, in our country as well as in other countries, our analysis may be relevant to understand how HIV infection may still be causing health care resources utilization as well as health care expenditure in the present set- ting, beyond HIV testing, HAART expenditure and continuous efforts to improve high quality retention in care. [18] [19] [20] 46 First, this study provides a new line of evidence, which is that patients with at least one comorbid condition represent approximately one-third of our sample (ie, patients with at least one hospitalization for HIV between 2004 and 2013), with an even higher proportion among those aged 50 years or more. In line with many other reports showing that the burden of CMs is on the rise in the aging HIV population, this evidence indicates that health care resources will still be necessary in the near future, likely in growing amount, to assist PWLHIV in the ordinary settings of care. 35, 36, 40, 42, 47 Second, we found that cardiovascular, renal and pulmonary CMs, as well as HCV coinfection, are significantly associated with an increased risk of acute hospitalizations among PWL-HIV, in line with other reports in the literature. 18, 20, 46, 48 These findings contribute to the idea that a more stringent control of such CMs may well be necessary in the setting of chronic management of HIV infection. Although much has been done in terms of research and development of newer antiretrovirals, with a more favorable profile of toxicity in all lines of HAART, efforts to reduce the prevalence of CMs in HIV patients need to be increased rather than reduced. 20, 48 Furthermore, these findings also reinforce the view that treating HCV coinfection, as a priority in the setting of PWLHIV in the era of new direct acting antivirals, is a mandatory and urgent task. 49 Finally, our hospitalizations cost analysis suggests that any effort and cost to accomplish the above-mentioned priorities may, at least partially, be defrayed by a likely reduction in increased costs paid by health services to assist PWLHIV in the setting of acute hospitalizations. Indeed, our analyses reveal that acute hospitalizations for comorbid HIV patients are costly, with up to four times higher expenditure compared with acute hospitalizations of non-comorbid PWLHIV, in line with other lines of evidence. 18, 20, 48 This evidence highlights that appropriate tailoring of antiretroviral therapy in accordance with HIV-associated CMs needs to be considered in order to reduce such acute events.
The strengths of our study are the use of a large-scale, population-based cohort over an extended period and the ability to draw information from a real-world setting through the analysis of administrative data. Nonetheless, our study has also some limitations, mainly inherent to the use of health care administrative data. We based our analysis on administrative discharge data that are routinely collected and are not specifically focused on the study aims. Therefore, it is possible that ICD-9 codes for CMs or HCV coinfection are misreported or not reported, leading us to underestimate the number of HIV patients with CMs or coinfection. However, with regard to CMs, the cohort of HIV patients who had at least one CM at baseline represents about 30% of the overall sample in line with the figure depicted by a previous population-based study performed in a province of North Italy with high prevalence of HIV. 50 Although multivariable analyses controlled for potentially confounding variables, it is possible that unmeasured confounding effects (ie, antiretroviral treatment, smoking and BMI) may have influenced the results. In addition, direct information on the duration of HIV infection, as well as on the proportion of patients with low (<350/mmc) or very low (<200/mmc) CD4 T-cell lymphocytes at the time of enrollment in our cohort, which influence the risk and the cost of hospitalizations, are not available in our data sources. 50, 51 However, late presentation in our local context was constantly at least as high as 50% in the study period (unpublished data), and systematic efforts on its prevention, actively started with a definite investment fund by our local Government since 2014, will likely positively impact the rate and cost of hospitalizations of HIV patients in the next years. 52, 53 It will also be of interest to gauge with the same method how such costs evolve in parallel in different Italian regions. Finally, generalizations of the study's findings should be made with caution, particularly because data are limited to a single Italian region and to the hospital setting.
Conclusion
In conclusion, our evidence highlights the substantially increased risk of hospitalizations among HIV patients with one or more CMs and their subsequent relevant economic impact. Clinicians and policy makers should be aware of the clinical and economic implications of CMs among PWLHIV, as they may well drive decision making on how to allocate scarce health care resources on the most effective interventions for the prevention and the treatment of non-infectious CMs.
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